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EXPERIMENTAL HISTOPLASMOSIS OF SKIN AND MUCOUS
MEMBRANES IN RABBITS*
ELIZABETH L. HAZEN AND EMANUEL D. TAHLER
During attempts to produce immune rabbit sera against Histoplasma cap-
sulatum in albino rabbits by intravenous injection of the live yeastlike cultures
(1), the animals developed early lesions similar, in certain aspects, to those de-
scribed in cases of human histoplasmosis (2—11). This report describes these re-
actions and presents mycologic and pathologic studies of specimens obtained
during the acute phase of infection. No descriptions of similar reactions in rabbits
with induced histoplasmosis were found in the literature.
Of the common laboratory animals employed in the study of experimental
histoplasmosis (4, 12—20), the white mouse has been used more frequently and
with a greater degree of success than the guinea pig, rabbit, or rat. The hamster
also has been found (11, 21) to be highly susceptible. Fatal experimental histo-
plasmosis was induced in monkeys (M. rhesus) by de Monbreun (12). He states
that the disease presented all the important clinical and pathologic features of
Darling's histoplasmosis in man. Simpson and Barnetson (22) found young dogs
and monkeys to be the most susceptible and therefore the most suitable animals,
in their opinion, for experimental work.
MATERIAL AND METHODS
Fifteen albino rabbits, weighing 2.0 to 2.5 kilograms, were injected intravenously with
2 ml. of a 1:25 saline suspension of yeastlike phase of H. capsulaturn.
Four cultures obtained from different sources were used. No. 4894, furnished by Dr.
Rhoda Benham of Columbia University, was received in the mycelial phase and was later
reverted to the yeastlike phase by intraperitoneal inoculation into the guinea pig. Culture
No. 48170 was obtained in the yeastlike phase from Dr. N. F. Conant of Duke Univer-
sity, and No. 48245 from Dr. S. B. Salvin of the National Institutes of Health, Bethesda,
Maryland; No. 4976 was isolated recently from biopsy tissue from a granulomatous lesion
on the buccal mucous membrane of a male patient.
All the cultures were grown for three to five days at approximately 37°C. on glucose
cystine agar slants (23). The growth was washed off the medium with sterile physiologic
salt solution and passed through two layers of sterile gauze, the suspension centrifuged,
and the packed cells made up to a 1:25 suspension in sterile salt solution.
Five rabbits were injected with No. 48170, two with No. 4976, four with No. 48245, and
four with No. 4894. Following intravenous injection, the animals were periodically bled
(weekly or biweekly) from the ear or the heart, and at this time their weights were usually
recorded.
Reactions in albino rabbits to intravenous injection of live yeastlike
H. capsulatum
Course of infection. From two to four weeks after inoculation all the animals
became sluggish and several became emaciated. Four lost 320 to 450 grams at
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this time, seven 25 to 175 grams, and four animals showed little or no change in
weight. All of the rabbits developed more or less severe nodular necrotic lesions
of the skin of the ear, and eleven developed these reddened nodular swellings on
the rim of the eyelid. Fourteen had conjunctivitis, often purulent, and a rhinitis
(Fig. 1), and one of these had a cervical lymphadenitis as well.
In surviving animals, this condition remained stationary for about two weeks,
after which the skin lesions began to heal and the conjunctivitis and rhinitis im-
proved. In two to three months, seven of the fifteen animals had regained weight
and appeared quite normal. One animal was killed during the height of the in-
fection and seven died during this period. Three of these seven died, apparently,
as a result of heart puncture; two before being removed from the operating table,
FIG. 1. Albino rabbit showing reactions to intravenous injection of live yeastlike
H. capsulatum.
and one was found dead the following morning. Two others died apparently as a
result of extensive coccidiosis. The cause of death of two of the rabbits was not
determined, since autopsies were not performed. Among this group of rabbits,
obtained from the same source, several of the so-called normal animals died ap-
parently of coccidiosis.
Skin. In the skin of both ears there appeared small, reddened, nodular swell-
ings, particularly numerous along the periphery, and varying from 1 to 2 mm.
in diameter. These lesions covered from one-half to three-fourths of the surface
of the ear of twelve of the fifteen rabbits, and a smaller surface, chiefly, along the
periphery of the ear of three of the animals. After one or two weeks, the swellings
showed a central area of necrosis and later there was crust formation. In those
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instances where the nodules were particularly numerous in the skin, there was
coalescence resulting in formation of large necrotic areas.
Eye. Many small reddened nodular swellings around the rim of the eyelids ap-
peared at about the same time as the skin lesions on the ear. The conjunctivae
became swollen and injected and an exudate, often purulent, was present and
formed a thick film over the eye.
Nose. The mucous membranes of the flares were swollen and there was a large
amount of exudate which varied from serous to thickly purulent. The exudate
dried and formed heavy crusts around the flares, covering the mucous membrane
for a short distance upward. This appeared to obstruct breathing, since the ani-
mals were repeatedly found gasping for breath.
With the blood sera collected during the acute phase of infection strong re-
actions occurred in the quantitative complement-fixation test with mycelial and
yeastlike antigens of H. capsulatum. The results of this study will be reported
separately.
Morbid anatomy. Five autopsies were performed. Rabbit No. 5035, injected
with culture No. 4894 five weeks previously, and killed during the acute phase
of infection, showed no gross lesions in the viscera. H. capsulatum was isolated
from spleen and liver. Rabbit No. 5029, injected with culture No. 48170 six
weeks previously, died during the height of infection and showed an enlarged
lymph node in the neck region, from which H. capsulatum was isolated; no gross
lesions were found in the viscera traceable to H. capsulatum. H. capsulatum was
isolated from the spleen and liver. (This rabbit had extensive coccidiosis.) Rabbit
No. 5214 which died shortly after heart puncture, had received culture No. 4976
only three weeks previously and was in the acute phase of infection. The pleural
cavity contained a large amount of blood. No gross lesions referable to H. cap-
sulatum were found, and this microorganism was not isolated from the liver or
spleen. Rabbits Nos. 5223 and 5226, injected, respectively, with cultures Nos.
4976 and 48245 and exsanguinated approximately four months later showed no
gross abnormalities. H. capsulatum was not recovered from cultures prepared
from the liver, spleen, kidney, or lung.
Mycologic and histologic studies
Specimens were collected from two living rabbits (Nos. 5035 and 5029) during
the acute phase of infection and also at autopsy, following sacrifice or death.
The specimens consisted of hard, nodular swellings from the ear obtained by
biopsy; blood from neighborhood of biopsy; exudate from incised nodular lesion
in the ear; pus from the eye; crusts from the nose; and specimens such as lesions
on the ear; and heart's blood, liver, and spleen obtained at autopsy.
Mycologic examinations. The specimens for cultural examination, where neces-
sary, were prepared by grinding in sterile mortar with sterile physiologic salt
solution. Portions of each specimen were transplanted to at least two of three
blood media (23—25), dispensed in test tubes, and the cultures incubated at 37°C.
for at least one month unless growth occurred earlier. (The tubes were always
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The specimens from which H. capsulatum was isolated are:
Rabbit 5035: Exudate from incised lesion on ear; nodular lesion from ear ob-
tained by biopsy; blood from neighborhood of biopsy; pus from eye; crusts from
nose; and liver and spleen obtained at autopsy.
Rabbit 5029: Nodular lesion from ear obtained by biopsy; blood from neigh-
borhood of biopsy; crusts from nose; lesions from ear, lymph node in neck, and
liver, spleen, and heart's blood obtained at atuopsy.
Growth occurred as dull, white, moist, discrete colonies on the surface of the
media ten to fourteen days after inoculation. The microorganisms were small,
oval, budding, yeastlike cells (Fig. 2), and all of the cultures were morphologically
FIG. 2. Fresh preparation in lacto-phenol-cotton blue of yeastlike H. capsulatun, re-
covered from ear lesion of rabbit at autopsy. (X900)
similar. Four of the yeastlike cultures isolated from specimens from each rabbit
were transplanted to potato-dextrose agar medium (25) in Petroff flasks and
incubated at room temperature. The reversion of the yeastlike cultures to the
mycelial phase with the formation of tuberculate chiamydospores (macroconidia)
(26--27) (Fig. 3) was considered proof that the microorganisms isolated from the
specimens were H. capsulatum.
Histologic examinations. Portions of tissues removed by biopsy' or at autopsy
were preserved in 10 per cent formalin. Sections of nodular swellings from the
ear from rabbit No. 5029 were examined by Dr. Frank W. Foote, Jr. to whom
we are indebted for the following report.
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A necrotic subcutaneous nodule, 1 mm. in diameter, was seen in sections (Fig.
4) of skin from the ear lesion obtained at autopsy. Some parasites were present
in degenerating mononuclear cells of the nodule itself. For about 1—2 mm. around
this nodule there was an inflammatory mantle containing various types of in-
flammatory cells but featuring abundant large mononuclear phagocytes. Many
cf these contained H. capsulatum (Fig. 5). The number of parasites per cell varied
greatly from cell to cell, some being literally stuffed. Here and there the accumu-
lation had apparently caused rupture of cell membranes with the spilling of para-
sites into the adjacent connective tissue. In this rather early lesion there were no
Fic. 3. Tuberculate chiamydospores from potato-dextrose agar. H. capsulatum re-
covered from ear lesion by biopsy. (X1950)
multinueleated giant cells or aggregate clumps of epithelioid cells in tubercle-
like arrangement.
A biopsy section of a nodular lesion from the ear showed a multinodular granu-
lomatous area (Fig. 6) about 3 mm. in greatest diameter. In contrast to Fig. 4,
there was no area of necrosis. Large parasite-containing mononuclear cells were
more conspicuous and tended to clump in aggregate groups about the size of an
average tubercle. In some of these nodular aggregates multinueleated giant cells
were found (Fig. 7), not numerous in any and absent in some. The multinucleated
as well as the mononuclear cells were frequently filled with parasites.
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FIG. 4. A necrotic subcutaneous nodule in section of skin from ear lesion obtained at
autopsy. (Hematoxylin and eosin stain. X200)
FIG. 5. Higher magnification of area adjacent to necrotic subcutaneous nodule, showing
parasitized mononuclear cells, (Hematoxylin and eosin stain. X1455)
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Fin. 6. Lesion from ear showing multinodular granulomatous area. (Hematoxylin and
cosin stain. X200)
Fin. 7. Higher magnification of granulomatnus area, showing multinucleated giant
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small, medium, and large mononuclear cells, occasionally multinucleated and
frequently parasite-containing (Fig. 8).
The ulcerative skin lesions are granulomatous in nature, and are specifically
characterized by the presence of large mononuclears containing the parasites.
The specific lesions are similar to the ulcers of the skin and mucous membrane
occurring in the human infection. The more general symptoms of loss of weight,
emaciation, and lymphadenitis are also observed in the disease as it occurs in
humans.
Fin. 8. Impression film from nodular ear lesion, obtained by biopsy; showing multi-
nucleated cell filled with parasites. (Giemsa stain. X1350)
SUMMARY
The reactions of fifteen albino rabbits to intravenous injection of the yeast-
like phase of Histo plasma capsulatum are described. The findings of five autopsies,
and the results of mycologic and histologic studies of specimens collected from
two living animals during the acute phase of their infection, and later at autopsy,
are presented.
All of the fifteen rabbits developed more or less severe necrotic nodular swell-
ings in the skin of the ear. Fourteen of the rabbits also developed conjunctivitis
and rhinitis, both often purulent; one of these animals also had a cervical lym-
phadenitis.
Histo plasma capsulatum was isolated from ear lesion obtained by biopsy, blood
from neighborhood of biopsy, and crusts from nose collected during the height
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of infection of two rabbits. The microorganism was also recovered from exudate
from an incised ear lesion and pus from eye of one of the rabbits, and from the
enlarged lymph node from the other.
Of the fifteen rabbits injected, seven died during the height of the infection.
Two of these animals showed, upon autopsy, evidence of extensive coccidiosis,
and three died, apparently, as a resu't of bleeding from the heart. The apparent
cause of death of the other two was not established. One animal was sacrificed
at the height of infection. Seven of the fifteen rabbits recovered completely two
to three months after the intravenous injection.
The group of rabbits used in these experiments presented manifestations of the
disease similar, in certain aspects, to those observed in man.
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